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Abstract
We report on a strong outburst of the W 49N H2O maser observed with VERA. Single-dish monitoring
with VERA 20 m telescopes detected a strong outburst of the maser feature at VLSR = −30.7 km s
−1 in
2003 October. The outburst had a duration of ∼ 100 days and a peak intensity of 7.9×104 Jy, being one
of the strongest outbursts in W 49N observed so far. VLBI observations with the VERA array were also
carried out near to the maximum phase of the outburst, and the outburst spot was identified in the VLBI
map. While the map was in good agreement with previous studies, showing three major concentrations of
maser spots, we found a newly formed arc-like structure in the central maser concentration, which may be
a shock front powered by a forming star or a star cluster. The outburst spot was found to be located on
the arc-like structure, indicating a possible connection of the present outburst to a shock phenomenon.
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1. Introduction
Water maser emission from star-forming regions is
known to show a strong time variation, and the most no-
table variations are referred to as ‘outbursts’, in which a
maser feature with a narrow line width shows dramatic
brightening by more than an order of magnitude with a
duration of a few tens of days to a few months. Although
the outburst mechanism is still puzzling, observations of
outbursts provide us with a unique opportunity to study
maser physics as well as the physical condition of star-
forming regions that harbor maser clouds. Most inten-
sive studies of maser outburst have been carried out in
the two major H2O maser sources, namely Orion KL,
one of the nearest massive-star forming regions from the
Sun, and W 49N, the brightest H2O maser source in the
Milky Way Galaxy. As for the Orion KL maser, intensive
studies were conducted for strong outbursts that occurred
in 1979 and 1997 (Matveenko et al. 1980; Omodaka et
al. 1999). VLBI observations of the outburst in 1997
(e.g., Matveyenko et al. 1998; Kobayashi et al. 2000)
revealed a structure evolution during the peak phase, in-
dicating a maser–maser interaction origin, and the polar-
ization measurement of the outburst suggested that the
phenomenon is also related to a strong magnetic field
(Horiuchi, Kameya 2000). On the other hand, outbursts
of the W49 N maser have been studied mainly based on
single-dish monitoring of the flux variation (Boboltz et al.
1998; Liljestro¨m, Gwinn 2000; Zhou et al 2002). These
monitoring investigations showed that W 49N also ex-
hibits H2O maser outbursts at various radial velocities,
with the most prominent one occurring in 1983 with a
peak flux of 8.9×104 Jy (Liljestro¨m, Gwinn 2000). Recent
single-dish studies of W 49N revealed small, but system-
atic, changes in the radial velocity and the velocity width
during outbursts, and sophisticated maser–maser interac-
tion models were proposed to explain the observed prop-
erties (Boboltz et al. 1998; Zhou et al. 2002).
In 2003 October, another strong outburst occurred in
W 49N, and we detected the outburst during the course of
test observations of VERA. The outburst had a peak in-
tensity of 7.9×104 Jy, being one of the strongest outbursts
observed in W 49N. We also carried out VLBI observation
of W 49N to identify the outburst spot, since high-quality
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VLBI maps of W 49N were only available for observations
in the early 1980’s (e.g., Walker et al. 1982; Gwinn et al.
1992). In this letter we present the single-dish properties
of the outburst as well as a VLBI map obtained during
the outburst in 2003 October. We compare the character-
istics of the previous and present outbursts, and discuss
the possible mechanism of the present outbursts.
2. Observations and Reductions
2.1. Single-Dish Observations
As a series of test observations of VERA, monitoring
of the W 49N H2O maser was performed with an inter-
val of 2 to 3 weeks, most of which are snap-shot VLBI
observations for 10 to 20 minutes to check the fringe de-
tection and system stability. Among them, we used the
auto-correlation data obtained at Mizusawa or Iriki sta-
tion (a station with a better condition was used). Auto-
correlation spectra were processed with Mitaka FX corre-
lator with a 16 MHz bandwidth and 512 spectral chan-
nels, yielding frequency and velocity resolutions of 37.5
kHz and 0.42 km s−1, respectively. Spectral analyses were
performed in the usual manner: an amplitude calibration
was performed based on position switching with the sys-
tem noise temperature measured by the R-Sky method,
and observed frequency was converted to the velocity with
respect to the Local Standard of Rest (LSR) using a rest
frequency of 22.235080 GHz. Among the data obtained
in 2003, here we present the data collected on the days of
year 234 (August 22), 258 (September 15), 281 (October
8), 294 (October 21), and 325 (November 21), which cover
almost the whole duration of the outburst.
2.2. VLBI Observation
A VLBI observation of W 49N was performed on day
294 with 3 stations of VERA (Mizusawa, Iriki, and
Ishigaki-jima) for 8 hours. As a part of VERA’s phase-
referencing performance test (for details see Honma et al.
2003), the observation was made in the dual-beam mode,
and another H2O maser source, OH43.8−0.1 (0
◦.65 sep-
aration from W 49N), was observed simultaneously. A
bright continuum source, TXS 1923+210, was also ob-
served every 2 hours as a clock and bandpass calibra-
tor. The VSOP-terminal system was used as a digital
back-end, and digitized data were recorded onto magnetic
tapes at a data rate of 128 Mbps with 2-bit quantiza-
tion. Among the total bandwidth of 32 MHz, one 16 MHz
channel was assigned to W 49N, covering the LSR veloc-
ity range between −113.9 and 101.4 km s−1. Correlation
processing was performed with the Mitaka FX correla-
tor with a spectral resolution of 512 points per channel,
yielding the frequency and velocity resolutions of 37.5 kHz
and 0.42 km s−1, which are the same as those of auto-
correlation data. In the data analysis, visibilities of all
velocity channels were phase-referenced to the reference
maser spot at VLSR of 9.1 km s
−1, which is one of the
brightest spots, and shows no sign of structure according
to the closure phase. Phase-referenced visibilities were
Fourier transformed to synthesize images, and the posi-
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Fig. 1. Single-dish spectral evolution of W 49N H2O maser
from August to November in 2003. The vertical arrow shows
the scale of 105 Jy, and each spectrum is vertically shifted by
the same amount. While the maser feature at 8–9 km s−1 is
stable during 5 epochs, the feature at VLSR=−30.7 km s
−1
shows a strong outburst with a peak intensity of 7.9×104 Jy.
tions of the brightness peaks were determined with re-
spect to the reference spot. The synthesized beam has a
FWHM beam size of 1.2×2.3 mas with a PA of 45◦.
3. Results
3.1. Single-Dish Spectral Evolution
Figure 1 shows the spectral evolution of W 49N ob-
served with VERA. In the five epochs shown figure 1, the
brightest feature at VLSR=8–9 km s
−1 was quite stable,
being as bright as 105 Jy. In contrast, the maser feature at
VLSR=−30.7 km s
−1 showed a dramatic variation of the
flux density. On day 234, the outburst was not evident,
with a flux density of less than 8×103 Jy. On day 258 the
outburst feature showed a sign of flaring. The outburst
reached the maximum value of 7.9×104 Jy on day 281,
and on day 294 the outburst feature was still prominent.
One month later (on day 325) the outburst seemed to be
declining, with its flux density dropping to about half of
the maximum, being 4.1×104 Jy.
During the bright phase (on day 281, 294, and 325), the
outburst feature showed no variation of the line width,
being 0.96±0.04 km s−1 (Full Width at Half Maximum).
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This is a typical value when compared with previous flares
(e.g., Liljestro¨m, Gwinn 2000). The peak velocity was
−30.7 km s−1 on days 294 and 325, while −30.9 km s−1
on day 281. The peak velocity shifts were also reported in
previous outbursts (Liljestro¨m & Gwinn 2000; Boboltz et
al. 1998; Zhou et al. 2002), but our data samplings were
not high enough to see if any systematic velocity drift or
velocity jump had occurred between day 281s and 294.
Liljestro¨m and Gwinn (2000) reported an outburst of
VLSR = −30.4 km s
−1 feature, which is likely to be the
same feature as that of the present outburst. However, the
previous outburst had a maximum intensity of 1.2×104 Jy,
which is 6.5-times smaller than the present one. The peak
flux of the present outburst, 7.9×104 Jy, is comparable to
that of the strongest one out of 146 outbursts in Liljestro¨m
and Gwinn (2000), which occurred at VLSR=−0.9 km s
−1
with a peak flux of 8.9×104 Jy. Liljestro¨m and Gwinn
(2000) also reported that typical outbursts of maser fea-
tures around VLSR = −30 km s
−1 tended to have a peak
flux of ∼ 3×103 Jy. The peak flux of the present outburst,
7.9×104 Jy, is rather exceptional when compared with the
previous studies. For instance, the outburst in the Orion
KL H2O maser in 1997 had a peak intensity of 5×10
6 Jy
with a FWHM line width of 0.40 km s−1 (Omodaka et al.
1999; Kobayashi et al. 2000). Adopting the distances to
W 49N of 11.4 kpc (Gwinn et al. 1992) and to Orion KL
of 480 pc (Genzel et al. 1981), the isotropic luminosity of
the present outburst was 22-times larger than that of the
Orion KL outburst in 1997. Thus, the present outburst is
not only one of the brightest outbursts in W 49N, but also
the most prominent one among the major maser sources
in the Milky Way Galaxy.
3.2. VLBI Map
Figure 2 shows the maser spot distribution in W
49N: the left panel shows the global distribution of the
maser spots on the scale of a few arcsec, and the right
panel shows an expanded map of the maser concentration
around (X , Y )=(0 mas, 0 mas). As described in the pre-
vious section, the map origin is identical to the location
of the reference spot at VLSR=9.1 km s
−1. In total, 341
maser spots have been identified, and 329 spots are shown
in figure 2 (other 12 spots are out of the plot range of figure
2). The spot distribution in figure 2 is in good agreement
with that of previous studies (e.g., Walker et al. 1982;
Gwinn et al. 1992), showing three major concentrations
of maser spots (the central one at X ∼ 0
′′
with north–
south extension of 600 mas, the eastern one at X ∼ 1
′′
,
and the western one at X ∼ −0.5
′′
). The radial velocity
structure, which shows a redshifted eastern concentration
and a blueshifted western concentration, is also in good
agreement with previous studies.
While the global distributions of maser spots are consis-
tent with the maps obtained about 20 years ago, there is
a remarkable difference between the previous and present
VLBI maps. As can be seen in the right panel of figure
2, the central concentration shows an arc-like structure in
the southern part, with X from −30 to 80 mas and Y from
−280 to 30 mas. In the previous maps, the central maser
concentration showed a rather straight structure with a
north–south extension (Walker et al. 1982; Gwinn et al.
1992) and this kind of arc-like structure was not seen,
indicating that the arc-like structure was newly formed
during the past 20 years. Interestingly, our VLBI map
shows that the present outburst occurred on this arc-like
structure. The relative position of the outburst spot at
VLSR = −30.7 km s
−1 was measured as (X , Y )=(69.67
mas, −68.55 mas). The position of the outburst spot is
indicated with an arrow in the right panel of figure 2.
The outburst location on the arc-like structure indicates
a possible link between the maser outburst phenomenon
and shock in the star-forming regions (see discussion).
Although a good spot image is not available based on
our observations (only 3 baselines), we can obtain some
constraint on the maser feature structure. According to
the closure phase, there is no sign of a structure larger
than the synthesized beam. Also, the positions of spots in
the neighboring channels (VLSR =−29.6 km s
−1 to −31.8
km s−1) coincide with the position of the outburst peak
at VLSR = −30.7 km s
−1 with an accuracy of 0.1 mas.
Thus, the outburst spot feature is likely to have a size of
less than 1.1 AU (0.1 mas in angular scale). However, we
note that the apparent lack of structure in the outburst
spot does not necessarily rule out the maser–maser inter-
action mechanism for the outburst origin. For example,
Kobayashi et al. (2000) found a double-peaked structure
of the Orion KL outburst spot on a physical scale of about
1 AU, which is fairly close to the upper limit on the spot
size for the present W 49N outburst.
4. Discussion
As can be seen in the previous section, our VLBI map
revealed that the outburst spot is located on the arc-
like structure. Although it is not clear how the arc-like
structure was formed, the superposition of Gwinn et al.’s
map onto our map implies that a part of the north–south
maser extension seen in Gwinn et al.’s map was pushed
toward the east, and the arc-like structure currently seen
was formed. If this interpretation is correct, the arc-like
structure is likely to trace the shock front caused by the
gas-flow motion (like a shock shell in Cep A, Torrelles et
al. 2001). In that case, the outburst location suggests
that the present outburst is tightly related to shock phe-
nomenon, as was studied previously (Liljestro¨m, Gwinn
2000). Since our observation shows no structure in out-
burst spots, the outburst may be simply caused by a
change in the physical properties of the shock regions.
As we have already mentioned, we cannot rule out the
maser–maser interaction scheme, whose size is smaller
than our angular resolution. Nevertheless, if the shock-
front interpretation is correct, at least one can rule
out a maser–maser interaction in a circumstellar disk
(Matveenko et al. 1988), since the present outburst is lo-
cated in a shock front rather that in a circumstellar disk.
The other interesting feature of the shock-front interpre-
tation is that this indicates the existence of an activity
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Fig. 2. Maser spot distribution in W 49N. Left panel shows
the spot distribution on the scale of a few arcsec. Right panel
is the extended map of the central maser concentration. The
outburst spot at VLSR = −30.7 km s
−1 is indicated with an
arrow and a star. Spot color indicates the radial velocity of
each spot (see color index at the bottom).
center other than the common kinematic center obtained
by Gwinn et al.(1992). Although the common center posi-
tion by Gwinn et al.(1992) is somewhat model-dependent,
their results favor a common center in the central maser
concentration, or east of the central maser concentration.
On the other hand, our shock-front interpretation requires
another outflow origin west of the central maser concen-
tration. In order to verify the shock-front interpretation,
measuring the proper motion is one of the most power-
ful approaches, which will be our next step for a deeper
understanding of maser phenomena in W 49N.
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